INTRODUCTION
============

Ovine enzootic abortion (OEA) caused by *Chlamydophila abortus* is the most prominent cause of reproductive defects in most countries producing sheep ([@b1]). Once the disease reaches epidemic proportions, up to 30% of ewes can abort in the last three weeks of gestation, give birth prematurely or give birth to weak lambs. After the abortion, ewes develop protective immunity. In the endemic form of the disease, abortions have been observed in roughly 5-10% of ewes of each affected herd ([@b3], [@b22]).

The principal source of infection in the environment is placentas or fetal fluids of infected animals. Experimental findings suggest that venereal transmission is a less common form of transmission ([@b4]).

The development of clinical signals of chlamydiosis depends on the time period of infection. Sheep and goats infected 5-6 weeks before giving birth can develop the clinical disease during their current gestation ([@b18]). Animals infected during the last four weeks of gestation can develop a latent infection; clinical signs then appear during the next gestation ([@b25]). It has been shown that the reproductive organs of ewes and goats suffering from a latent infection can contain *C. abortus* even after more than 3 years after the infection ([@b18]). Lambs and kids delivered by infected animals are generally weak and die a few days after birth ([@b3]).

While - as is the case with other ovine reproduction diseases - the introduction of the agent on a hitherto unaffected farm triggers serious pathological processes with a high morbidity and mortality, a prolonged contact with the agent leads to tolerance as the disease assumes an enzootic character ([@b10]).

The data on prevalence of *C. abortus* infection across the world reveal that rates vary from 11.9% ([@b15]) to 48.2 % ([@b17]). In Brazil, serological assessments of infections caused by this bacterium in small ruminants are rare. The works conducted by Piatti *et al.* ([@b21]) in São Paulo state and by Pereira ([@b20]) in Pernambuco state stand out. The former obtained positive results only in goats and the latter confirmed the presence of anti-*C. abortus* antibodies in goats (12,0%/167) and sheep (8,1%/123), which was the first recorded case of infection in sheep in Brazil.

Some risk factors were identified for sheep. They are primarily the type of animal production, proximity to other farming establishments, animal replacement policy, frequency of abortions, undernourishment, overpopulation, transport and subclinical bacterial and parasitic diseases ([@b10]).

Considering the importance of chlamydiosis for both animal and public health and the scarcity of epidemiologic data about the presence of the infection in sheep in the north-eastern part of the country, the goal of this study is to perform a seroepidemiological investigation and to identify risk factors associated with infection by *Chlamydophila abortus* of sheep herds in the Brazilian state of Alagoas.

MATERIAL AND METHODS
====================

Alagoas state is situated in the central-eastern part of the Brazilian North-East region and extends between 8º48'12" and 10º30\'12" south latitude and between 35º09\'36\" and 38º13\'54\" west longitude. For administrative purposes, it is divided in three mesoregions, namely Leste Alagoano, Agreste Alagoano e Sertão Alagoano, and in 13 microregions which are Serrana do Sertão Alagoana, Alagoana do Sertão do São Francisco, Santana do Ipanema, Batalha, Palmeira dos Índios, Arapiraca, Traipu, Serrana dos Quilombos, Mata Alagoana, Litoral Norte Alagoano, Maceió, São Miguel dos Campos and Penedo, which contain a total of 102 towns that together form this federal state, whose capital is Maceió ([@b24],[@b5]).

Sera samples of 274 ewes with ages equal to or higher than 24 months in 27 herds and in 23 towns were studied. The animals were subjected to an extensive, intensive and semi-intensive rearing system and the prevailing races were Santa Inês, Dorper and crosses. The animals were fed native grass, concentrated feed and mineral salt.

The examination of anti-*Chlamydophila* antibodies was conducted in Bacterial Reproduction Disease Laboratory of the São Paulo Biology Institute using the technology of microcomplement fixation test ([@b11]), a method recommended by the Office International des Epizooties ([@b19]). The reaction was conducted in microplates using test serum diluted of 1:16 to 1:512, antigen *C. abortus* CEPA S26/3 diluted 1:50 and the complement in the corresponding dilution to two fixating units of complement. After incubation at 37ºC for 30 min. the hemolytic system was added to the microplates incubated for 30 min, and the microplates were centrifuged at 3000 rpm for 5 min. The results were read visually.

Bovine serum with titer of 1:512 obtained from Institute of Zooprofilattico Sperimentalle delle Venezie Itália- IZSV and Fetal bovine serum were used as positive and negative controls, respectively. The titer of antibody was defined as the reciprocal of the highest serum dilution that presented 50% complement fixation. The positive end dilution titer was 1:32 or higher and 1:16 was considered suspected ([@b11]).

For the study of risk factors, farmers were asked to respond questionnaires with objective questions on general characteristics of their herds, sike size, sanitary situation and reproductive management.

To identify risk factors associated with the infection by *C. abortus*, an univariate analysis by means was conducted for the variables of interest. When necessary, the Pearson's Chi-square test or Fisher's exact test was reformed. A multivariate analysis was done with the model of logistic regression considering the serological status of the animal (positive or negative) for *Chlamydophila abortus* as a dependent variable. The independent or explanatory variables considered in the model were those that showed a statistical significance \<0,20. This probability was stipulated so that possible risk factors of the event were not excluded from the analysis ([@b13]). Statistical calculations were done usig the SPSS for Windows program, version 12.0 - Statistical Package for the Social Science.

RESULTS AND DISCUSSION
======================

Among 274 sera analyzed by RFC, 59 (21.5%) were positive for *Chlamydophila abortus* with titers ≥32, 187 (68.3%) were negative and 28 (10.2%) were suspect with titer ≥16. Some papers done in other countries have estimated prevalences ranging from 5.00 to 39.0%, in which the latter is considered high ([@b3],[@b6]). A retrospective study conducted in Italy between 1993 and 2003 showed a prevalence ranging from 21.0 to 46.8% ([@b16]). Prevalence observed in sheep in the State of Alagoas can be thus considered high and studies must be encouraged to elucidate the participation of this bacterium in reproductive disturbances in the region under study.

The first report of the presence of anti-*C. abortus* antibodies in sheep in Brazil was described by Pereira ([@b20]) in the State of Pernambuco, who found a frequency of 8.1% of serum reagent sheep. In the State of Alagoas this is the first record of the presence of anti-*C. abortus* antibodies in sheep.

A relative high percentage of suspect animals was also observed. These animals may have been infected, presenting titers of antibodies that would increase with time, increasing the prevalence rates detected in this study. The cross relation between *C. abortus* and *C. pecorum* can explain false-positive results with low titers. Thus, titers lower than 1:32 in individuals must be considered unspecific for *C. abortus* ([@b19]). In Brazil, there are no reports of sheep infection by *C. pecorum*, however, this agent is endemic in ruminants in several countries, causing symptoms such as polyarthritis, keratoconjunctivitis, encephalomyelitis and intestinal infections in cattle and sheep, as well as pneumonia and miscarriage in sheep ([@b7]).

Among the 23 towns studied, 20 (86.9%) had animals with titer ≥32 of anti-*Chlamydophila abortus* antibodies. In three (13.1%) towns, serum reagent sheep were not detected. Considering the number of properties analyzed, 77.77% of them had serum reagent animals with a titer ≥32 and 22.22% with a titer lower than 16, considered negative ([Table 1](#tbl1){ref-type="table"}).

###### 

Relative frequency of anti-*Chlamydophila abortus* antibodies in sheep distributed per towns and properties in the State of Alagoas, Brazil, 2008

  Titer of antibodies   Towns   Relative frequency (%)   Properties   Relative frequency (%)
  --------------------- ------- ------------------------ ------------ ------------------------
  \<16                  3/23    13.1                     6/27         22.2
  \>16                  13/23   56.5                     14/27        51.8
  ≥32                   20/23   86.9                     21/27        77.7

Frequency of infection of sheep by *C. abortus* ranged between 1.0 and 62.5% in the towns and between 5.88% and 66.66% in the properties. One can thus infer this infection is widespread in the regions under study. However, the definitive diagnosis depends on the detection of the agent, by cell cultivation or polymerase chain reaction (PCR).

Pereira ([@b20]) in the State of Pernambuco, Brazil, evaluated goats and sheep by serological tests and reported a frequency ranging from 4.0% to 60.0% in 12 positive properties for *C. abortus*. In 91.60% of the properties, at least one positive animal was found, indicating that there are several foci of infection and that infection is widespread in the region.

In the univariate analysis, a significant association was found for the variables region and common water trough for young and adult animals ([Table 2](#tbl2){ref-type="table"}). However, in the multivariate analysis the only factor that showed a significant association was region ([Table 3](#tbl3){ref-type="table"}).

###### 

Risk factors according to region, production characteristics and hygienic and sanitary handling associated with infection by *Chlamydophila abortus* in sheep in the State of Alagoas, Brazil, 2008

  Variable                                               N     CFR n (%)   Univariate Analysis   
  ------------------------------------------------------ ----- ----------- --------------------- -----------
  **Region**                                                                                     
  East                                                   144   19 (13.2)   1.0                   0.001^\*^
  Agreste                                                49    12 (24.5)   2.13 (0.95 ; 4.79)    
  Sertão                                                 81    28 (34.6)   3.48 (1.79 ; 6.79)    
  **Size of property (ha)**                                                                      
  \< 30                                                  35    8 (22.9)    1.0                   0.516
  Between 30 and 200                                     101   18 (17.8)   0.73 (0.29 ; 1.87)    
  Above 200                                              138   33 (23.9)   1.06 (0.44 ; 2.56)    
  **Number of animals (head)**                                                                   
  \< 50                                                  82    18 (22.0)   1.0                   0.570
  Between 50 and 100                                     89    22 (24.7)   1.17 (0.57 ; 2.38)    
  Above 100                                              103   19 (18.4)   0.80 (0.39 ; 1.66)    
  **Rearing system**                                                                             
  Intensive                                              40    13 (32.5)   1.0                   0.189
  Extensive                                              72    14 (19.4)   0.50 (0.21 ; 1.21)    
  Semi-intensive                                         162   32 (19.8)   0.51 (0.24 ; 1.10)    
  **Water source**                                                                               
  Still                                                  69    21 (30.4)   1.0                   0.108
  Running                                                92    16 (17.4)   0.48 (0.23 ; 1.01)    
  Still + Running                                        113   22 (19.5)   0.55 (0.28 ; 1.11)    
  **Feeding**                                                                                    
  With supplementation                                   56    11 (19.6)   1.0                   0.701
  Without supplementation                                218   48 (22.0)   1.15 (0.55 ; 2.40)    
  **Common water troughs for young and adult animals**                                           
  No                                                     6     4 (66.7)    1.0                   0.021^\*^
  Yes                                                    268   55 (20.5)   0.13 (0.02 ; 0.72)    

N -- Total number of animals for each variable; RFC -- Complement fixation reaction; OR -- odds ratio; T.I. -- Trust interval

###### 

Multivariate analysis for risk factors associated or not with infection by *Chlamydophila abortus* in sheep in the State of Alagoas, Brazil, 2008.

  Variable   Coefficient   p-value   Odds Ratio   T.I. 95%
  ---------- ------------- --------- ------------ -----------------
  Region                   0.001                  
  Sertão     1.25          \<0.001   3.48         \[1.79 ; 6.76\]
  Agreste    0.76          0.067     2.13         \[0.95 ; 4.80\]
  Constant   -1.88         \<0.001                

T.I. -- Trust Interval

The frequency of positive animals per region was 34.6% for Sertão, 24.5% for Agreste and 13.2% for Eastern Alagoas. Animals from the Sertão have approximately 3.5 times more chances of being infected by *C. abortus* than animals from other two regions. Animals from the Agreste, have 2 times more changes of being infected than animals from Eastern Alagoas. These results are difficult to explain as there are gaps in knowledge on the epidemiology of mammal chlamydophilosis, particularly regarding intra and interspecies transmission ([@b10]). On the other hand, Alagoas state borders the states of Pernambuco, Bahia and Sergipe (Brazil) and animal roaming between these states is frequent, which could contribute to the dissemination of this infection. More thorough epidemiological studies are thus needed to verify the presence of possible vectors or domestic and wild hosts that could be contributing to a higher frequency of positive animals in the sertão of Alagoas.

Another variable that should be stressed is the use of common water troughs for young and adult animals. Even though this practice did not show a significant association in the multivariate analysis, 20.5% of serum reagent animals were raised in properties that adopted this practice. The most common sources of infection for sheep are miscarried fetuses, placenta and vaginal discharge ([@b23]). Still water and contaminated food can thus be a source of infection in the intensive and semi-intensive system. Water source did not show a significant association; however, more serum reagent animals were observed in properties that provided water from dams and wells (30.4%) compared to the others.

Regarding rearing system, even though a significant association was not observed between the systems in use, more serum reagent animals were observed in the intensive system. According to Igayara-Souza *et al.* ([@b14]), for cattle the intensive system is a risk factor for the occurrence of chlamydophilosis due to the overpopulation that is often observed on the farms that adopt this kind of rearing system.

The results of risk factors for variables of reproductive handling are found in Table 4. The univariate analysis indicated a significant association only for the variable purchase of spare breeding animals in the last five years (p *=* 0,019), which was not confirmed in the multivariate analysis ([Table 3](#tbl3){ref-type="table"}). There are few indications of sexual transmission of *C. abortus* in sheep ([@b23]). New studied must be conducted in order to elucidate this variable for a better understanding of the epidemiology of the disease and for the implementation of proper control measures in order to reduce the spreading of the agent.

The association between miscarriages and presence of anti-*C. abortus* antibodies was not significant in this study, however, it was observed that 20.9% of serum reagent animals had a history of miscarriages associated with other reproductive disturbances (stillborn, repetition of heat, fetal mummification and retention of placenta). The entry of virulent *C. abortus* strains in the herd associated with undernourishment, overpopulation and subclinical diseases by bacteria and parasites may determine outbreaks of the disease ([@b10]). Eventually, the infection induces immunity that can last years regarding the presentation of miscarriages and, due to this immunity, the infection remains latent in females, producing sporadic miscarriages ([@b8]). Symptomatology of this disease depends on several factors such as: path of infection, age, sex, environment, handling conditions and other factors associated with virulence of the strain that originates the infection.

According to Silva *et al.* ([@b23]), even though *C. abortus* is often identified in several countries, mainly in goat and sheep enzootic abortions, in Brazil there are no epidemiological data that demonstrate the participation of this bacterium in reproductive problems in production species. Serological inquests as well as analysis of risk factors are thus important to demonstrate the real participation of *C. abortus* in reproductive disturbances in sheep, as well as to identify which variables are important for the maintenance and dissemination of the agent in herds, which will give feedback to the control and eradication of this disease.

It must also be said that this agent is important for public health since *C. abortus* is a zoonotic agent and according to CFSPH ([@b9]) between 1987 and 2000, twenty cases were confirmed in women by this agent.

The prophylaxis of chlamydophilosis like any other infectious disease must be conducted on three levels: handling measures, chemotherapeutic drug administration and use of vaccines ([@b12]). Main handling measures are: segregation of women about to give birth and elimination of contaminated materials as well as disinfection of contaminated areas. Up to the moment in Brazil there is not a commercially available vaccine for *Chlamydophila abortus* ([@b7]).

As shown, infection by *Chlamydophila abortus* is widespread on sheep farms in the State of Alagoas. However, further studies must be conducted to confirm the role of this bacterium in reproductive disturbances in sheep. Furthermore, control and prophylactic measures and continuous education must be encouraged in the properties studied in order to reduce rates of infection.
